Low-dose in vivo pharmacokinetic and deuterium isotope effect studies of N-nitrosodimethylamine in rats.
The rates of elimination of N-nitrosodimethylamine (NDMA) and its fully deuterated analogue (N-nitrosodi[2H6]methylamine, [2H6]NDMA) were studied in vivo to explore the origins of the difference in their carcinogenicity. Male Fischer 344 rats, 7.5 weeks of age, were given nitrosamine bolus doses of 1.35 mumol/kg by tail vein injection and 2.02 or 4.05 mumol/kg by p.o. gavage. Animals were sacrificed at various time points from 2.5 to 180 min after i.v. administration or 5 to 120 min after p.o. dosage, and their blood was analyzed for NDMA by gas chromatography-high resolution mass spectrometry. After i.v. injection, blood nitrosamine concentrations declined in an apparently biexponential manner with a terminal half-life of 10 min for NDMA and 12 min for [2H6]NDMA. The apparent total systemic blood clearances for NDMA and [2H6]NDMA were 39 and 26 ml/min/kg, respectively. The apparent steady-state volumes of distribution were nearly identical (297 and 309 ml/kg, respectively). The areas under the curve after 2.02- and 4.05-mumol/kg p.o. doses were proportional to dose. The apparent bioavailability of NDMA was 8%, while that of [2H6]NDMA was 21%. Isotope effects calculated as the ratios of first-pass metabolism, total systemic clearances, bioavailabilities, and intrinsic hepatic clearances were 1.2, 1.5, 2.6, and 3.2, respectively. The isotope effect determined from blood concentrations measured after simultaneous administration of NDMA and [2H6]NDMA by steady-state infusion (each at 1.5 mumol/kg/h) was 2.6 +/- 0.9 (SD). This study thus provides quantitative reference data on the time course of the disappearance of both N-nitrosodimethylamine and its deuterated analogue from blood (over 5 to 8 half-lives) after doses similar to those used to elicit liver tumors in chronic feeding studies, confirms the first-pass effect on their metabolism using direct blood measurements, and permits estimation of their bioavailabilities from actual blood concentrations. The results suggest that elimination pathways not involving alpha-hydroxylation are more important than is currently recognized.